Abstract. The Flocculation of cohesive fine-grained sediment plays an important role in the geophysical process in estuarine and coastal zones through the complete processes of sediment transport, deposition, re-suspension and consolidation. There have been many experiments studying the temporal evolution of the median floc size during flocculation. One typical trend is that the median floc size increases rapidly when the flocculation starts, and then increases slowly with flocculation time until a steady state is approached after a long flocculation time. In this study, an empirical expression used for characterizing the temporal variation of the median floc size during the flocculation process is proposed, and comparison with those published experimental results shows its validity.
Introduction
Cohesive sediment possesses complex electro-chemical and biological-chemical characteristics. Under a flow shear environment in rivers, estuaries and coastal zones, cohesive fine-grained sediment can aggregate into different-sized flocs through the collision and the bonding between primary particles and those large flocs may disaggregate into smaller flocs/primary particles [1] . Since the transport rate of cohesive sediment is a function of the floc size and the settling velocity, sediment flocculation plays an important role in the geophysical process of estuarine and coastal zones through the complete process of sediment transport, deposition, re-suspension and consolidation.
There have been many experiments studying the temporal evolution of the median floc size during flocculation (not limited to the sediment particle) [2] [3] [4] [5] [6] [7] [8] [9] [10] . A typical experimental result is as follows. The median floc size grew rapidly with time at the beginning of the flocculation experiment. This is a result of more productions of large flocs due to collisions and adhesions between primary particles/smaller flocs induced by the flow shear. Then, the floc size experienced a slow increase process with increasing flocculation time. This is because those large flocs possess fragile and loose structures, therefore being susceptible to the breakage induced by the flow shear. Finally, the median floc size reached an equilibrium state or steady state (i.e. the median floc size kept approximately a constant value), due to a possible balance between the shear-induced aggregation effect and the breakage effect. The purpose of this study is to propose an empirical expression to describe the temporal variation of the median floc size during the flocculation process, and may provide the reference for the flocculation experiment.
Formulation and comparison with experimental result
Assuming that the rate of the increase of the median floc size, '' 50 d , is proportional to the gap between the median floc size at a certain time and the median floc size at the steady state of flocculation development, we can write a simple expression as follows:
where ( ) 
where 50 d is the size of primary particle, as well as another condition,
we can have
In order to validate Eq. (4), we compared it with those reported experimental results. Table 1 presents some information about these experiments, including the shear-generating apparatus (as shown in the second column), material adopted for flocculation (the third column), the primary particle size (the fourth column), and the shear condition (in the fifth column) (φ is the particle concentration, G is the flow shear rate, a parameter commonly used for characterizing the flow shear condition). [8] , the flocculation time, t , has been incorporated into an non-dimensional parameter, and all quantities in this parameter can be found in their study except for the absolute temperature, T, when we calculated the k value. 
Concluding remarks
Many experiments have been performed to study the temporal evolution of the median floc size during flocculation. One typical experimental result is that the median floc size increases rapidly when the flocculation starts, and then increases slowly with flocculation time until a steady state is reached after a long flocculation time. In this study, an empirical expression used for characterizing the temporal variation of the median floc size during the flocculation process is proposed, and comparison with those published experimental results shows its validity.
